In this paper a supersymmetric version of a generalized unitarity cut method in application to MHV and NMHV for form factors of operators from the N = 4 SYM stress-tensor current supermultiplet T AB at one loop is discussed. The explicit answers for 3 and 4 point NMHV form factors at tree and one loop level are obtained. The general structure of n-point NMHV form factor at one loop is discussed as well as the relation between form factor with super momentum equal to zero and the logarithmic derivative of the superamplitude with respect to the coupling constant.
Introduction
Much attention in the past decade has been paid to the study of the scattering amplitudes (the S-matrix) in four dimensional gauge theories, especially in the planar limit of N = 4 SYM theory.
It is believed that the hidden symmetries of the N = 4 SYM theory which are responsible for its integrability properties will completely fix the structure of the amplitudes. The hints that the S-matrix for the N = 4 SYM theory can be fixed by some underlying integrable structure were found at weak [1, 2, 3] and strong [3, 4] coupling regimes.
There is another class of objects of interest in the N = 4 SYM theory which resemble the amplitudes -the form factors which are the matrix elements of the form where O is some gauge invariant operator which acts on the vacuum and produces some state |p λ 1 1 , . . . , p λn n with momenta p 1 , . . . , p n and helicities λ 1 , . . . , λ n 1 . The S-matrix 1 Note that scattering amplitudes in "all ingoing" notation can schematically be written as p operator is assumed in both cases. One can think about this object as an amplitude of the proses where classical current coupled through gauge invariant operator produces quantum state. The example of such process is γ * → Jet's in perturbative QCD [5] (see also [6, 7] for recent results) where we take into account all orders in α s but the first order in α em . The amplitude of such process is given by the matrix element of the following form: p is the QCD quark electromagnetic current operator. The two-point form factors in N = 4 SYM were studied long time ago in [8] and recently in [10] . Using the N = 3 superfield formalism the form factors of none gauge invariant operators (off-shell currents) at tree level were derived in [9] . Recently, the strong coupling limit of form factors has been studied in [11] and the weak coupling regime in [12, 13, 14, 15, 16] . Also different regularizations for form factors were discussed in [17] . The motivations for the systematic study of form factors in N = 4 SYM are
• it might help in understanding of the symmetry properties of the amplitudes [1, 2] .
It is believed that the symmetries completely fix the amplitudes of the N = 4 SYM theory and it is interesting to see whether they fix/restrict the form factors as well; • the form factors are the intermediate objects between the fully on-shell quantities such as the amplitudes and the fully off-shell quantities such as the correlation functions (which are one of the central objects in AdS/CFT). Since the powerful computational methods have appeared recently for the amplitudes in N = 4 SYM ( see, for example, [18, 19] and [20, 21] ), it would be desirable to have some analog of them for the correlation functions [22] . The understanding of the structure of form factors and the development of computational methods might shed light on the correlation functions; • also, it might be useful for understanding of the relation between the conventional description of the gauge theory in terms of local operators and its (possible) description in terms of Wilson loops. The latter fact is the so-called amplitude/Wilson loop duality which originated for the case of N = 4 SYM in [23, 24, 25] . This duality was intensively studied in the weak and strong coupling regimes and tested in different cases, and its generalizations to the non-MHV amplitudes were proposed in [26] . Moreover such dual description for amplitudes of N = 4 SYM together with the developments of OPE technique for Wilson loops [27, 28] led to the proposal of the equation [29] which in principle should define the whole N = 4 SYM S-matrix for any value of coupling constant. Note that similar equation for the amplitudes may be derived from "twistor space" (see for example [30] ) point of view [31] . It is interesting to investigate whether such dual description for form factors in N = 4 SYM exists and if it is possible to formulate this equation for form factors.
To make progress in the above-mentioned directions, the perturbative computations at several first orders of perturbative theory are likely required.
The aim of this paper is to continue investigations of the form factors [14] of the operators from stress tensor supermultiplet in N = 4 SYM. We will use the developed in [14] formulation of form factors in N = 4 on-shell momentum superspace, which allows us to consider form factors with different types of particles in p λ 1 1 , . . . , p λn n | external state in N = 4 covariant manner. We will use the generalized unitarity technique to study the structure of NMHV sector at one loop. First we are going to discuss how the generalized unitarity technique works for form factors for MHV sector at one loop in N = 4 on-shell momentum superspace. Then we will continue with the NMHV sector. We will perform explicit computations of 3 and 4 point NMHV form factors at one loop and will discuss the structure of the general n point situation. We make a brief comment on the relation between form factors with operator insertion with zero momentum and amplitudes. µν -the gauge field strength tensor, all in the adjoint representation of SU(N c ) gauge group) is realized in N = 4 coordinate superspace as a constrained superfield W AB (x, θ,θ) with the lowest component W AB (x, 0, 0) = φ AB (x). W AB in general is not a chiral object and satisfies several constraints [32, 14] : a self-duality constraint
3)
where D A α is a standard coordinate superspace derivative 3 . Note that in this formulation the full N = 4 supermultiplet of fields is on-shell in the sense that the algebra of the generators Q A α ,Q Bα of the supersymmetric transformation of the fields in this supermultiplet is closed only if the fields obey their equations of motion. The N = 4 SYM stress tensor supermultiplet T AB is given then by
We will consider in this article the chiral truncation of the N = 4 SYM stress tensor supermultiplet (which contains only self-dual part of full multiplet) rather then the supermultiplet itself [14] . The main reason for this is that the chiral truncation has the off-shell description in terms of superfields on N = 4 superspace i.e. the component fields in such truncated multiplet are arbitrary and the chiral part of the algebra of supersymmetric transformations of the component fields can be still closed without any constraints on the component fields. Note that the off-shell description for the full N = 4 supermultiplet in any superspace is unknown.
To describe this truncated supermultiplet one has to break SU(4) R group into two SU(2) and U(1) 6) so that the index A of R-symmetry group SU(4) R splits into
where +a and −a ′ correspond to two copies of SU(2) and ± correspond to the U(1) charge. We will not write the U(1) factor explicitly hereafter, and will use the notation
After that one has to take the particular (ab) projection of W AB that depends on half of the Grassmann coordinates [14] (this can be seen from the (2.4)): W ab (x, θ c ,θċ). The truncated stress tensor supermultiplet is then given by
To describe external states in N = 4 covariant manner it is convenient to use N = 4 onshell momentum superspace [33] . This superspace is parameterized in terms of SL(2, C) spinors λ α ,λα, α,α = 1, 2 and Grassmannian coordinates η A , A = 1, . . . , 4 which are Lorentz scalars and SU(4) R vectors On-shell N = 4 momentum superspace = {λ α ,λα, η A }. (2.10)
In this superspace the creation/annihilation operators
of the N = 4 supermultiplet, for the on-shell states which are two physical polarizations of gluons |g − , |g + , four fermions |Γ A with positive and four fermions |Γ A with negative helicity, and three complex scalars |φ AB (anti-symmetric in SU(4) R indices AB ) can be combined together into one N = 4 invariant superstate ("superwave-function") |Ω i = Ω i |0 : 11) where i corresponds to the on-shell momentum p i αα = λ i αλ iα , p 2 i = 0 carried by the particle. The n particle external state |Ω n is then given by
The form factor F n of the truncated stress tensor supermultiplet for general n particle external state is then given by: 12) where {λ,λ, η} is short notation for (λ 1 ,λ 1 , η 1 . . . λ n ,λ n , η n ). Here we are considering colour ordered object F n . The physical form factor F phys. n in the planar limit 4 should be obtained from F n as: 13) where the sum runs over all possible none-cyclic permutations σ of the set {λ,λ, η} and the trace involves SU(N c ) generators t a in the fundamental representations. The normalization T r(t a t b ) = 1/2 is used. Performing Fourier transform for bosonic coordinate x αα → q αα and taking into account that F n is chiral, translationally invariant and T ab is 1/2-BPS we see that F n should satisfy the following conditions [14] :
where generators of supersymmetry algebra (P αα , Q a α , Q˙a α ,Q aα ,Qȧα) acting on F n are given by
This relations imply that F n takes the following form [14] :
where 17) and X (4m) n are the homogenous SU(4) R invariant (more accurately SU(2) × SU(2) ′ × U(1) invariant, they can be written in SU(4) R covariant form in N = 4 harmonic superspace formulation) polynomials of the order of 4m.
Assigning helicity λ = +1 to |Ω i and λ = +1/2 to η and λ = −1/2 to θ a α , one sees that F n has an overall helicity λ Σ = n, δ 4 GR has λ Σ = 2, exponential factor has λ Σ = 0 so that
etc. are understood as analogs [33] of the MHV, NMHV etc. parts of superamplitude i.e. part of super form factor proportional to X (0) n will contain component form factors with overall helicity n − 2 which we will call MHV form factors, part of super form factor proportional to X (4) n will contain component form factors with overall helicity n − 4 which we will call NMHV etc. up to X (4n−8) n overall helicity 2 − n which we will call MHV. It is convenient to perform transformation from θ a α to the set of axillary variables {λ
After such transformation we can writeT [F n ] as (let's use the notation λ
The algorithm of obtaining component form factors from this supersymmetric expression was discussed in [14] . Let's make a comment about total U(1) charge of F n andT [F n ]. The T ab operator carries (−4) charge, the Ω n | carries charge (0) so the F n form factor should carry (−4) charge, which indeed true and can be seen from (2.16): δ 4 GR q˙a α carries (−4) charge, while e θ α a q a α and X (4m) n are neutral. TheT transformation (the integration measure d 4 θ a α ) also carries (+4) charge, so that Z n =T [F n ] is neutral with respect to U(1). Note that this will be no longer true for the form factors of operators from different supermultiplets.
The formulation of form factors discussed so far lacks of explicit SU(4) R covariance. SU(4) R covariance can be restored in the N = 4 harmonic superspace formulation. However such formulation does not give us any computational benefits for the purpose of our computation and all results obtained in our none covariant formulation can be easily translated to SU(4) R covariant formulation. We will discuss such formulation briefly in appendix. 20) where the sum runs over all possible distributions of the ordered set (p 1 , . . . , p n ) of individual momenta between vertexes of the scalar integrals, while the position of the momentum q carried by the operator is fixed. perm. corresponds to the cyclic permutations of the (p 1 , . . . , p n ) set of the momenta of external particles. The latter is necessary due to the fact that while we are considering object that is colour ordered in the colour space of external particles the operator is colour singlet hence the momentum q carried by the operator can be incepted at any position in the colour ordering [13] . This is equivalent to the consideration of all possible permutations of external momenta, while the position of the operator momenta q is fixed. In general we can write scalar box integral as: 
Generalized unitarity for form factors at one loop
For triangle integrals we use similar notations:
where
The dependence on the helicities of the external particles as well as the type of operator are encoded in the C k coefficients. The C k coefficients are Grassmann polynomials and in general, as was explaned earlier, should have the form:
where C (4m) n are the homogenous SU(4) R invariant polynomials of the order of 4m. For example coefficients before scalar integrals for NMHV form factors will be proportional to δ
k . The analytical answers for all types of one loop triangles and boxes are known (see [34] for review) and therefore the problem of computation of Z To obtain the values of the coefficients C i before box integrals it is very convenient to consider quadruple cuts [35, 36] . Such cuts are unique to each box integral 6 and stop the loop momenta flow. Therefore the quadruple cut completely determines the value of the C i coefficient for the chosen box integral. One can schematically write that 24) where ±S corresponds to the summation over the solutions of the on-shell and momentum conservation conditions [36, 37] . We will not write ±S sums explicitly in the most cases in the next chapters. Note that as in the case of amplitudes [36] for the MHV and NMHV form factors we will not need the explicit form of the solution. Also note that the summation over the states (types of particles) that runs through the cuts is "hidden" in the Grassmann integration ("supersums"). Since we are working with N = 4 SYM at one loop all cuts can be evaluated in D = 4 with O(ǫ) accuracy.Ẑ n andÂ n correspond to form factors and amplitudes stripped from the overall delta function δ 4 ( The situation with the coefficients before triangle scalar integrals is a little more involved. Though triple cuts are unique to each triangle integral the triple cut do not stop the flow of the loop momenta completely and leaves one parameter integral dt. However one can construct algorithm that allows one to fix the corresponding coefficient using the form of the triple cut intergrand [37, 48] . One can parametrise the momenta of particles l αα i which crosses the cuts and associated spinors λ l i ,λ l i in terms of combinations of external momenta and the t parameter which is the remainder of loop integral (see appendix and [37] for details). Then one can obtain the following relation
where Inf t means that one takes expansion in t at t → ∞ and separate term proportional to t 0 . In other words the coefficient before scalar triangle integral is given by the first term in the series expansion of the corresponding triple cut integrand in t at infinity [37, 48] . In the case of MHV form factors we will not need the explicit form of the solutions ±S, while the case of NMHV form factor is more involved. We will use IR properties of the form factors (see below) in some cases to adjust the value of the coefficients before triangle integrals instead of the direct computations.
Grassmann delta functions
Throughout this article we will need different types of the Grassmann valued delta functions. The following notations will be used 7 for δ 4 GR type delta functions introduced earlier:
while for general N we have:
We also will use the Grassmann delta functions of another type:
The relevant for us cases are N = 2, N = 4.
where A index runs from 1 to N , η A i are Grassmann variables and C i are bosonic ones. For such delta functions we will use the following notation:
We will also use for saving space the notation
A for the integration measure. In computation of the corresponding coefficients before scalar boxes and triangles we will be performing multiple Grassmann integrals with Grassmann delta functions. The following relation is extremely usefull: for some q
one can write the following expansion over some basis
where λ l , λ m should be linear independent. The latter relation implies that
For example using this relation one can immediately show that [14] 
which is important relation for the two particle supersums.
We also want to note that the the computation of integrals over d 2 η a i and d 2 η˙a i in the quadruple and triple cuts may be different in details, but can be performed in such a way that leads to the same bosonic coefficient and slightly different Grassmann delta functions. One can formulate the following rule to simplify computations: one takes integrals over
and integrating over d 4 η A i . After the integration we have to put γ˙a α = 0.
Tree level MHV and MHV amplitudes and form factors
We will need as the building blocks in the computation of the coefficients before scalar integrals in the MHV and NMHV case at one loop level several explicit expressions for the tree level form factors [14] and amplitudes [36] :
This expression is valid for any n ≥ 2 without any kinematical constraints on λ i ,λ i variables. For the MHV amplitudes we have:
This expression is valid for any n ≥ 4 without any kinematical constraints. While for n = 3 this expression exists only for the complex values of the momenta 8 in (+ − −−) signature. This implies the following kinematical constraints on λ i ,λ i variables [36] :
We will also need the expression for the three point MHV 3 amplitude [36] :
This expression also exists only for the complex values of the momenta, that implies the following constraints:
, ij = 0, any i, j, k at the same vertex.
Note that this expression is 4'th degree in η's while all MHV amplitudes and form factors are of the 8'th degree. We also will need the form of Z tree, M HV 3 which is NMHV form factor at the same time in full analogy with n = 5 point amplitude. We will discuss the structure of it in separate section later on.
The discussed above kinematical constrains on λ i ,λ i spinors immediately lead to the fact that some configurations of MHV and MHV vertexes give vanishing result [36] . See fig.1 .
MHV warm-up
As a warm-up before computations of NMHV form factors we will discuss how generalized unitarity works in MHV case. MHV form factors should be the lowest components in η's expansion of Z n of Grassmann degree 8. This implies the following configurations of MHV and MHV vertexes
for the quadruple cut integrand, and
for the triple cut integrand. Taking into account that configurations of vertexes depicted on fig.1 vanish we conclude that the only contributing cuts are those depicted on fig.2 and fig.3 . They correspond to the B 2me (and B 1m as the limiting case) and T 2m scalar integrals. So the MHV form factor should have the form is present and configurations witĥ Z tree,M HV n , n ≥ 3 separately. The usefulness of such treatment will be clear later on. We have for the configuration A) which corresponds to B 
(3.39) 9 We will suppress α SL(2, C) indexes indices in arguments of Grassmann delta functions in some cases. Performing Grassmann integration with first twoδ 4 and then integrating the remaining delta functions with the use of (2.30) and kinematical constraints of the MHV vertexes ((2.32) also can be used to simplify algebraic manipulations) we obtain
This expression can be transformed with the use of momentum conservation conditions in each vertex and MHV kinematical constraints to the form
This result is identical to the MHV amplitude case [36] . Note also that as was in the amplitude case the ±S can be evaluated without the use of explicit solutions for l i . So we have that the coefficient before B The case of configuration B) which corresponds to the B 2me s 2...n−1 ,q 2 scalar integral is slightly different in computational details: 43) but leads to essentially the same final result: 44) which, as in the previous case, can be simplified so that the coefficient before B Now let's consider triple cuts. Let's consider the A) configuration which corresponds to the coefficient before T 2m s 2...n ,q 2 scalar integral. We have for the corresponding triple cut integrand
Performing Grassmann integration in the same fashion as in the quadruple cut cases (first integratingδ 2 , then with the use of (2.30) and kinematical constraints of the MHV vertex integrating δ 8 ) we obtain for the triple cut integrand:
This expression can be further simplified with the use of the momentum conservation conditions associated with each vertex to the form 10 : 48) where the trace can be evaluated, with the use of momentum conservation conditions and kinematical constraints of the MHV vertex to the form
Now applying the following parametrization for l , where A αα 1,2,3 are some constants that depend on external momenta (see [37] and appendix for details), we see that . We have for the corresponding triple cut integrand
Performing the Grassmann integration with delta functions we obtain:
This expression can be simplified with the use of the momentum conservation conditions associated with each vertex to the form
The traces can be evaluated as in the previous case and we get
(3.55)
Note that D 1j depends only on the external momenta. So using the parametrization for l 
So we conclude that potentially contributing integrals T 2m s s+1n ,s 1n
does not actually appear. This fact was first established in [13] .
The latter fact may be puzzling. The resolution of this puzzle comes from the observation thatẐ tree,M HV 2 andẐ tree,M HV n , n > 2 vertexes that enter A) and B) triple cuts have different number of λ l i spinors in denominators, so that theẐ tree,M HV 2 vertex is in some sense singled out (that's why we treated A) and B) cases separately for the quadruple cuts)
Using explicit solutions for λ l i in terms of t and external momenta [37] for T 2m triangles one sees that 1
so if we take into account the whole expression we have none vanishing contribution in t → ∞ limit, while 1
so in the t → ∞ limit we get zero. We verified that this is the general pattern for MHV and NMHV cases for the T 2m and T 3m integrals, so on general grounds we can conclude that the only allowed triangle integrals should necessary contain one massive q 2 leg in MHV and NMHV sectors. This fact reduces the number of necessary triple cuts significantly. Note also that the properties of Z tree,M HV 2 vertex in the t → ∞ limit resemble those of the z → ∞ limit in the BCFW recursion. One also can use only Z tree,M HV n , n > 2 but not Z tree,M HV 2 in the BCFW recursion [13] . We see now that the contributing type of scalar integrals in the MHV case are B s−1 ,s 1...s ) . The coefficients before these integrals are given correspondingly by (3.42) and (3.50) .
Note also that the combinations of scalar products of external momenta ∆'s in the coefficients before corresponding scalar integrals (boxes and triangles) match the scalar integral in such way that the coefficients before the 1/ǫ 2 IR pole (the use of the dimensional regularization is implied) will have the form ∼ ∆ −1 /ǫ 2 (see appendix). This allows us to define dimensionless functions B i and T i , just as in the case of amplitudes [36] , for all types of boxes and triangles as the result of evaluation of the corresponding scalar integral through O(ǫ) multiplied by the corresponding ∆ coefficient.
As an example, for three point MHV form factor Z
one can obtain, in precise agreement with [13, 14] :
Here we write the ordering of massive/massless legs explicitly, using the convention:
where G i is dimensionless function based on the type of scalar integral under consideration. The IR divergent part of this result is given by: 
It was noticed in [13] that it is likely possible to find the perturbative description of the form factor in terms of the periodic Wilson loops. This fact suggests that the use of the dual variables [33] as in the amplitude case will be useful though the dual conformal properties [12, 14] of form factors remain obscure. We will use dual variables as compact notations in some cases. One introduces dual coordinates x Note that in the case of the periodic contour within one period there are n labels for the momenta of external particles but n + 1 label for the dual x i points. For example we can write the momentum carried by the operator q as q = For example, the finite part of three point MHV form factor can be written in terms of dual variables as:
here P is permutation operator which acts on the momenta or dual variables labels. Note that there are no periodicity conditions on indices of x dual coordinates. We will use such variables for the coefficients before scalar integrals also in the NMHV case which we are going to discuss now.
NMHV form factor
For NMHV form factors in general we have the folloving expantion in terms of scalar integrals: and
for the quadruple cut integrands which defines the coefficients before box type scalar integrals. The configuration involving NMHV vertex (which can be amplitude or form factor) can be treated recursively. To compute n point NMHV form factor at one loop one will need n − 1 point NMHV tree form factor (all the tree NMHV amplitudes are known at least in principle in the form which can be used in our computations [33, 36] ). One can extract n − 1 point NMHV tree form factor from n − 1 point NMHV one loop form factor using (3.61). The recursion starts with the MHV 3 form factor which is also NMHV 3 one. In the NMHV 3 case there are no contributions from NMHV × MHV × MHV 3 × MHV 3 configuration. So one can extract from (3.61) the form of NMHV 3 at tree level and then use it in the computations of NMHV 4 from which using (3.61) one can extract NMHV 4 at tree level and then use it in the computations of NMHV 5 ect. One can also obtain the form of NMHV 3 at tree level using the representation of NMHV 3 as MHV vertex in conjugatedη variables [36] . We will use both methods as consistency check and will discuss the structure of MHV 3 = NMHV 3 form factor in the next sub section at tree and one loop level. For the triple cut integrand situation is the similar and one have to consider the following type of integrands:
The last case can be considered in full analogy with the quadruple cut case. The case of triple MHV cut is more complicated and one have to use explicit kinematical solutions of [37] . However in the case of T 2m triangles at least in the case of n = 3, 4 one can take a short cut and fix the coefficient using the (3.61) without any direct computations.
Let's now discuss the general structure of MHV×MHV×MHV×MHV 3 quadruple cuts which correspond in general to the coefficients C 3m before B 3m integrals (the coefficients before B 2mh and B 1m in general can be obtained using different combinations of C 3m coefficients and cuts involving NMHV vertexes just as in the amplitude case [36] ). There are two types of configuration of vertexes which we will call 1) and 2) (see fig.5 and 6) and the special limiting case of 1) (see fig.7 ). We will discuss this last case in details other cases can be considered in the same fashion. The coefficient C 
This expression can be simplified by using the following strategy similar to those used in [36] : one has to split the third and the fourth δ 8 functions into products of two δ 4 GR (or use (2.32) prescription) and add their arguments to the arguments of firs two δ 4 GR 's. After that the dependence on η l i cancels out and we obtain the δ 4 GR 's with the total super momentum as their argument. The remaining delta functions can be integrated using .68) where den. is the product of all denominators in (4.67). The argument of theδ 4 can be simplified using the kinematical constraints of MHV 3 vertex which implies relation This expression can be further simplified and written in a compact form if we introduce dual Grassmann coordinates: Note, that the labels r, s, t when we are using standard helicity spinor notations belong to the corresponding momenta, and obeys periodicity conditions i + n ≡ i, i ≤ n. But when we use dual coordinates x, θ which lives on the infinite periodic contour there are no periodicity conditions on the r, s, t labels any more. Throughout this paper if not mentioned otherwise we will think of r, s, t as labels belonging to the corresponding momenta, and so obeys periodicity conditions i + n ≡ i, i ≤ n.
Similar computations in the 1) and 2) cases give the results: Note that these expressions are very similar to those of the coefficients R rst in the NMHV amplitudes [36] . The structures of R
rst andR (1) rtt are in fact identical and the only difference is the rearrangements of the sums in x and |θ dual coordinates which are made in such a way that to avoid the dependance on q and γ axillary variables which parameterize the dependence on the (super)momentum of the operator. Such rearrangements are always possible due to the total (super)momentum conservation conditions in Z tree,M HV n . In the case of amplitudes there are large sets of relations between different combinations of R rst [33] . For example R r,r+2,t = R r+2,t,r+1 .
(4.76)
For the case of form factors one can show that for n = 4 such relation gives
To see this one has to consider relation R r,r+2,t = R r+2,t,r+1 for n = 6 and then put q
′′ a and q˙a 5 = q˙a 6 = 0. The clockwise cyclic order of external legs is implied. Such relations in the case of amplitudes can be easily proved using momentum twistor representation [49] . It is interesting to note that obtained here R coefficients can be rewritten in momentum twistor notations as well, and are equal to special cases of [abcde] momentum twistor invariants [49] . We are going to discuss this in more details in separate publication.
In the NMHV computations one will also encounter the T 3m sr...s,s s+1...t ,q 2 three mass triangles. The coefficients C 3m sr...s,s s+1...t ,q 2 before such triangles should be fixed by the triple MHV cuts. In such case the explicit solutions for λ l i and l αα i should be used, so it is problematic to obtain representation for such coefficients in terms of only λ i ,λ i spinors, which corresponds to external momenta. For the integrand of such cut one has:
After the integration over Grassamann variables one obtains:
(4.79)
At this moment one has to use explicit solutions for λ l i . After substitution of these solutions one can take t → ∞ limit and obtain:
. (4.80) Figure 9 : Contributing cuts for the box B 1m and triangle T 2m scalar integrals coefficients to NMHV 3 form factor. Permutations of external momenta are not shown.
-are the massless projections of one massive leg in the direction of another masslessly projected leg (see appendix).
Let's now discuss the beginning of the recursive procedure discussed above for the NMHV tree level form factors which one will need in general for computation of quadruple cuts. We will discuss one step of this procedure and obtain answers for n = 3 and n = 4 point NMHV form factors at tree and one loop level.
3 point NMHV form factor at tree and one loop level
Let's consider the representation for MHV 3 form factor at tree level in terms ofη variables [36] :
We can perform the Fourier transformation fromη to η's [36] and write representation F
M HV 3
for MHV 3 form factor at tree level in terms of η's as:
({λ,λ,η}). we can obtain, noticing that MHV 3 form factor is also NMHV 3 one: as:
211 , (4.88) whereR (1) 211 is given by (4.71) for n = 3. Note also that in this case (n = 3) the following identity holds:R (1) 211 =R (1) 322 =R (1) 133 which is consequence of the cyclical symmetry of the initial expression for NMHV three point form factor at tree level. Using this we can write Z tree,N M HV 3 in manifestly cyclically invariant form usingR (1) rtt coefficients:
211 , (4.89)
where P is permutation operator. We can now use Z The computation of the C 2m coefficients before scalar integrals T 2m is more complicated. The integrand of corresponding cut is given by the triple product of MHV vertexes, and there are not enough kinematical conditions to express l αα i momenta and λ l i spinors in terms of the external momenta and spinors associated with them not using exact form of ±S solutions. However there is only one type of such coefficients and one can fix their value by requiring the (3.61) condition must be satisfied. We will use this approach from now on. Coefficients before other integrals can be obtained by action of permutation operator P. Combining all contributions together we can arrange the final result as:
Substituting the expansions in ǫ of B 1m and T 2m functions we obtain the (3.65) result.
4 point NMHV form factor at one loop
Now we are ready for the computation of NMHV 4 form factor at one loop. The contributing scalar integrals in this case are 11 B 2mh , B 1m , T 2m and T 3m . The first three types of integrals are IR divergent, while the last one (tree mass triangle) is IR finite. Let us remind the reader that there are no other contributing scalar triangle integrals for the reasons discussed in the previous section. Let's concentrate first on the IR divergent part 11 The B 2me scalar boxes are absent by the same reasons as in the 6 point NMHV amplitude [36] .
of the answer. We will label the coefficients before cyclically inequivalent type of integrals as:
we have two types of cuts contributing (see fig.11 ):
These cuts give us:
413 )x 
144 + R Note that C) cut contains vertex which is NMHV 3-point form factor. To evaluate such cuts we use the same technique as in [36] : we substitute explicit expression for NMHV 3-point form factor and then use the kinematical constraints attached to the neighboring MHV 3 vertexes which imply λ l 2 ∼ λ 1 and λ l 3 ∼ λ 3 . Using the cyclical symmetry of NMHV 3-point form factor we can obtain the following relations forR (1) :
311 ,R
244 =R
211 . For C 2m q 2 ,(1+2+3) 2 we have two contributing cuts. Cut involving NMHV 5 point tree amplitude can be evaluated using explicit expression for NMHV 5 point tree amplitude and kinematical constraints associated with the neighboring MHV 3 vertex, which imply λ l 2 ∼ λ 1 . We will adjust the value of the other triple MHV cut using the (3.61) just as in the previous NMHV 3 case. Finally we have: 
(4.99)
So, finally gathering all IR divergent contributions together we obtain which is consequence of R r,r+2,t = R r+2,t,r+1 relation for amplitudes, eq.(4.96) and R
(1)
144 , also noticing that R
241 we can write:
(4.102)
Using explicit expressions for the IR divergent parts of integrals
one can see that IR divergent part of the NMHV four point form factor indeed has the form: The finite part of four point NMHV form factor then can be written in the following form:
Where (Log(x) ≡ L(x)):
while W 4 is given by Davydychev function [50] , which in our case has the form: ratio function as in the amplitude case [36] . One also can use (4.105) as an input in the computation of the five point NMHV form factor. The structure of such computation should be essentially similar to the four point case. The IR divergent part of the answer will be determined by the IR divergent parts of box and two mass triangle scalar integrals, while in the finite part there will be additional contributions from IR finite three mass integrals.
It is interesting to note that the number of R (i) rst coefficients in tree level 3 and 4 point form factors exactly matches the number of diagrams which one will have for the corresponding super Wilson loop [26] if one will use the prescriptions of [15] about selection of diagrams. It will be interesting to clarify by explicit computations the status of the Wilson loop/form factor duality in the none-MHV case.
In [47, 14] it was observed that the following relation between form factors and amplitudes likely holds
This relation was verified at tree and one loop level for the MHV sector. While for the component answer for the 4 point NMHV form factor the limit q → 0 was in general singular. If one considers the coefficients before corresponding scalar integrals in the case of five point form factor at one loop one can observe the following: in the limit q → 0, γ a α → 0 the coefficients before triangle integrals vanish and so do most of the coefficients before box scalar integrals. The only coefficients that survive are the coefficients before B 1m box integrals which in this limit reproduce the coefficients for the five point NMHV amplitude. It is likely the general pattern for the n point case. One may think that relation (4.110) holds for such numbers of external legs for which the objects on both sides of the equality exists. I.e. equality should not hold for example for the NMHV sector for n = 4 because there are no n = 4 NMHV amplitude.
Conclusions
In this paper the systematic study of form factors in the N = 4 SYM theory in on-shell momentum superspace formalism is performed for the MHV and NMHV sectors at one loop order of PT by means of generalized unitarity technique. The use of N = 4 covariant methods allows us to obtain answers for any type of operator from stress tensor multiplet and arbitrary external states in these sectors. The explicit answers for the 3 and 4 point NMHV form factors were obtained as well as the n point situation was discussed. As the byproduct of this investigation the representation for 3 and 4 point form factors that does not depend on any kind of "reference spinors" at tree level were obtained.
The application of the generalized unitarity methods to form factors clarifies several issues: the structure of the basis of scalar integrals at one loop and the relations between form factors with operator insertion with zero momenta and the amplitudes.
The recent studies of the structure of the amplitudes and their relations to Wilson loops in N = 4 SYM led to the formulation of the equation which at least in principle should define full S-matrix of the theory [29, 31] at any value of the coupling constant. The conjectured derivation of this equation is based on the amplitudes/Wilson loops duality. There is also the conjecture [13] that similar duality between form factors and Wilson loops also holds. It is interesting to investigate whether such duality survives for the NMHV and other sectors in some form and if it is possible to formulate similar equation for the form factors. The results obtained in this paper may be considered as starting point in such investigation. A N = 4 harmonic superspace
We discuss here the reformulation of (2.19) in the N = 4 harmonic superspace. Our discussion is based mostly on section 3 of [32] . The N = 4 harmonic superspace is obtained by adding additional bosonic coordinates (harmonic variables) to the N = 4 coordinate superspace or on-shell momentum superspace. These additional bosonic coordinates parameterize the coset SU(4) SU(2) × SU(2) ′ × U (1) and carry the SU(4) index A, two copies of SU (2) The same can be done with supercharges etc.. Note that harmonic variable projection leaves helicity properties of the objects unmodified. Also, similar projections can be performed for Grassmannian coordinates η A and supercharges q Using this condition and the translation invariance we can write the expression for MHV "super state -super form factor" at tree level in harmonic superspace [14] : We can also defineδ ±2 as usual Grassmann delta functions:
The obtained expression for form factor looks just like (2.19), but now both the Grassmannian delta functions δ ±4 are SU(4) R covariant. One can write also the MHV part of a superamplitude in a similar manner. Projecting the condition of superamplitude invariance under q 
B Kinematical solutions
This chapter is based on [37] . For the case of triple cuts for the cut momenta l αα i and associated with them spinors one can find explicit expressions in terms of external momenta data and t parameter which is the remaining of the loop integration. First one can define massless projections of combinations of external momenta: Figure 11 : List of contributing quadruple and all possible triple cuts for NMHV four point form factor. B), G), D), F) triple cuts give vanishing results for corresponding coefficients. Permutations of external momenta are not shown.
